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ENGINEERING SCIENCE BEFORE, DUR- 
ING AND AFTER THE WAR. II 
In coming to this section of my address 
I am reminded that in the course of his 
presidential address to section G, in 1858, 
Lord Eosse said: 

Another objeet of the Mechanical Section of the 
association has been effected — the importance of 
engineering seienee in the serviee of the state has 
been brought more prominently forward. There 
seems, however, something still wanting. Science 
may yet do more for the Navy and Army if more 
called upon. 

Comparatively recently too, Lord French 

remarked : 

We have failed during the past to read accu- 
rately the lessons as regards the fighting of the 
future which modern seienee and invention should 
have taught us. 

In view of the eminent services which 
men of science have rendered during the 
war, I think that we may be justified in 
regarding the requirement stated by Lord 
Rosse as having at last been satisfied, and 
also in believing that such a criticism as 
Lord French rightly uttered will not be 
levelled against the country in the future. 

Though British men of science had not 
formerly 'been adequately recognized in 
relation to war and the v safety of their 
country, yet at the call of the sailors and 
the soldiers they whole-heartedly, and with 
intense zeal, devoted themselves to repair 
the negligence of the past, and to apply 
their unrivalled powers and skill to en- 
counter and overcome the long-standing 
machinations of the enemy. They worked 
in close collaboration with the men of 
science of the allied nations, and even- 
tually produced better war material, chem- 
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icals, and apparatus of all kinds for van- 
quishing the enemy and the saving of our 
own men than had 'been devised by the 
enemy during many yearsi of preparation 
planned on the basis of a total disregard 
of treaties and the conventions of war. 

Four years is too short a time for much 
scientific invention to blossom to useful 
maturity, even under the forced exigencies 
of war and government control. It must 
be remembered that in the past the great 
majority of new discoveries and inven- 
tions of merit have taken many years — 
sometimes generations — to bring them into 
general use. It must also be mentioned 
that in some instances discoveries and in- 
ventions are attributable to the general 
advance in science and the arts which has 
brought within the region of practical 
politics an attaek on some particular prob- 
lem. So the work of the men of science 
during the war has perforce been directed 
more to the application of known prin- 
ciples, trade knowledge and properties of 
matter to the waging of war than to the 
making of new and laborious diseoveries ; 
though, in effecting such applications, in- 
ventions of a high order have been 
achieved some of which promise to be of 
great usefulness in time of peace. 

The advance of science and the arts in 
the last century had, however, wrought a 
great change in the implements of war. 
The steam-engine, the internal-combustion 
engine, electricity, and the advances in 
metallurgy and chemistry had led to the 
building up of immense industries which, 
when diverted from their normal uses, 
have produced unprecedented quantities 
of war material for the purposes of the 
enormous armies, and also for the greatest 
navy which the world has ever seen. 

The destructive energy in the field and 
afloat has multiplied many hundredfold 
since the time of the Napoleonic wars; 



both before and during the war the size 
of guns and the efficiency of explosives 
and shell increased immensely, and many 
new implements of destruction were added. 
Modern science and engineering enabled 
armies unprecedented in size, efficiency 
and equipment to be drawn from all parts 
of the world and to be concentrated 
rapidly in the fighting line. 

To build up the stupendous fighting 
organization, ships have been taken from 
their normal trade routes, locomotives and 
material from the home railways, the 
normal manufactures of the country have 
been largely diverted to munitions of war; 
the home railways, tramways, roads, build- 
ings and constructions, and material of all 
kinds have been allowed to depreciate. 
The amount of depreciation in roads and 
railways alone has been estimated at £400,- 
000,000 per annum at present prices. 
Upon the community at home a very great 
and abnormal strain has been thrown, not- 
withstanding the increased output per 
head of the workers derived from modern 
methods and improved machinery. In 
short, we have seen for the first time in 
history nearly the whole populations of 
the principal contending nations enlisted 
in intense personal and collective effort 
in the contest, resulting in unprecedented 
loss of life and destruction of capital. 

A few figures will assist us to realize the 
great difference between this war and all 
preceding wars. At Waterloo, in 1815, 
9,044 artillery rounds were fired, having a 
total weight of 37.3 tons, while on one day 
during the last offensive in France, on 
the British front alone, 943,837 artillery 
rounds were fired, weighing 18,080 tons — 
more than 100 times the number of 
rounds, and nearly 540 times the weight 
of projectiles. Again, in the whole of 
the South African War 273,000 artillery 
rounds were fired, weighing approximately 
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2,800 tons; while during the whole war 
in France, on the British front alone, more 
than 170,000,000 artillery rounds were 
fired, weighing nearly 3,500,000 tons — 622 
times the number of rounds, and about 
1,250 times the weight of projectiles. 

However great these figures in con- 
nection with modern land artillery may 
be, they become almost insignificant when 
compared with those in respect of a 
modern naval battle squadron. The Queen 
Elizabeth when firing all her guns dis- 
charges 18 tons of metal and develops 
1,870,000 foot-tons of energy. She is 
capable of repeating this discharge once 
every minute, and when doing so develops 
by her guns an average of 127,000 effective 
h.p., or more than one and one half times 
the power of her propelling machinery; 
and this energy is five times greater than 
the maxim<um average energy developed on 
the western front by British guns. Fur- 
thermore, if all her guns were fired simul- 
taneously, they would for the instant be 
developing energy at the rate of 13,132,000 
h.p. From these figures we can form some 
conception of the vast destructive energy 
developed in a modern naval battle. 

"With regard to the many important 
engineering developments made during the 
war, several papers by authorities are 
announced in the syllabus of papers 
constituting the sectional proceedings of 
this year's meeting. Among them are 
"Tanks," by Sir Eustace d'Eyncourt; 
"Scientific Progress of Aviation during 
the War," by L. Bairstow; "Airships," 
by Lieutenant-Colonel Cave-Brown-Cave; 
"Directional Wireless, with Special Eefer- 
ence to Aircraft," by Captain Robinson; 
"Wireless in Aircraft," by Major ErsMne 
Murray; ""Wireless Telegraphy during the 
First Three Years of the War, ' ' by Major 
Vincent Smith; "Submarine Mining," by 
Commander Gwynne; "Emergency Bridge 



Construction," by Professor Ingles; and 
"The Paravane," by Commander Burney. 
Accordingly, it is quite unnecessary here 
to particularize further except in the few 
following instances : 

Sound-ranging and Listening Devices. — 
Probably the most interesting development 
during the war has been the extensive ap- 
plication of sound-listening devices for 
detecting and localizing the enemy. The 
Indian hunter puts his ear to the ground 
to listen for the sound of the footsteps < of 
his enemy. So in modern warfare science 
has placed in the hands of the sailor and 
soldier elaborate instruments to aid the 
ear in the detection of noises transmitted 
through earth, water, air or ether, and also 
in some cases to record these sounds graph- 
ically or photographically, so that their 
character and the time of their occurrence 
may be tabulated. 

The sound-ranging apparatus developed 
by Professor Bragg and his son, by which 
the position of an enemy gun can be deter- 
mined from electrically recorded times at 
which the sound-wave from the gun passes 
over a number of receiving stations, has 
enabled our artillery to concentrate their 
fire on the enemy's guns, and often to 
destroy them. ' 

The French began experimenting in 
September, 1914, with methods of locating 
enemy guns by sound. The English sec- 
tion began work in October, 1915, adopting 
the French methods in the first instance. 
By the end of 1916 the whole front was 
covered, and sound-ranging began to play 
an important part in the location of enemy 
batteries. During 1917 locations by sound- 
ranging reached about 30,000 for the whole 
army, this number being greater than that 
given by any other means of location. A 
single good set of observations could be 
relied upon to give the position of an 
enemy gun to about 50 yards at 7,000 



358 



SCIENCE 



[N. S. Vol. L. No. 1294 



yards' range. It could also be carried on 
during considerable artillery activity. 

The apparatus for localizing noises trans- 
mitted through the ground has been much 
used for the detection of enemy mining 
and counter-mining operations. Acoustic 
tubes, microphones and amplifying valves 
have been employed to increase the volume 
of very faint" noises. 

For many years before the war the Bell 
Submarine Signalling Co., of which Sir 
William White was one of the early 
directors, used submerged microphones 1 for 
detecting sound transmitted through the 
water, and a submerged bell for sending 
signals to distances up to one mile. With 
this apparatus passing ships could be 
heard at a distance of nearly a mile when 
the sea was calm and the listening vessel 
stationary. 

Of all the physical disturbances emitted 
or produced by a moving submarine, those 
most easily detected, and at the greatest 
distance, are the pressure-waves set up in 
the water by vibrations produced by the 
vessel and her machinery. A great variety 
of instruments have been devised during 
the war for detecting these noises, depend- 
ing on microphones and magnetophones of 
exceedingly high sensitivity. Among them 
may be particularly mentioned the hydro- 
phones devised by Captain Ryan and Pro- 
fessor Bragg, being adaptations of the tele- 
phone transmitter to work in water instead 
of air. These instruments, when mounted 
so as to rotate, are directional, being in- 
sensitive to sound-waves the front of which 
is perpendicular to the plane of the 
diaphragm, and giving the loudest sound 
when the diaphragm is parallel to the 
wave-front. 

Another preferable method for deter- 
mining direction is to use two hydrophones 
coupled to two receivers, one held to each 
ear. This is called the biaural method, 



and enables the listener to recognize the 
direction from which the sound emanates. 

When the vessel is in motion or the sea 
is rough, the water noises from the drag- 
ging of the instrument through the water 
and from the waves striking the ship 
drown the noises from the enemy vessel, 
and under such conditions the instruments 
are useless. The assistance of eminent 
biologists was of invaluable help at this 
juncture. Experiments were made with 
sea-lions by Sir Richard Paget, who found 
that they have directional hearing under 
water up to speeds of six knots. Also Pro- 
fessor Keith explained the construction of 
the hearing organs of the whale, the ear 
proper being a capillary tube, too small 
to be capable of performing any useful 
function in transmitting sound to the 
relatively large aural organs, which are 
deep set in the head. The whale therefore 
hears by means of the sound-waves trans- 
mitted through the substance of the head. 
It was further seen that the organs of 
hearing of the whale to some degree 
resembled the hydrophone. 

The course now became clear. Hollow 
towing bodies in the form of fish or por- 
poises were made of celluloid, varnished 
canvas, or very thin metal, and the hydro- 
phone suitably fixed in the center of the 
head. The body is filled with water, and 
the cable towing the fish contains the in- 
sulated leads to the observer on board the 
vessel. When towed at some distance be- 
hind the chasing ship disturbing noises are 
small, and enemy noises can be heard up 
to speeds of fourteen knots, and at con- 
siderable distances. Thermionic amplify- 
ing valves have been extensively used, and 
have added much to the sensitiveness of 
the hydrophone in its many forms. 

After the loss of the Titanic by collision 
with an iceberg, Lewis Richardson was 
granted two patents in 1912 for the de- 
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tection of above-water objects 'by their 
echo in the air, and under-water objects by 
the echo transmitted through the water. 
The principles governing the production 
and the concentration of beams of sound 
are described in the specification, and 
he recommends frequencies ranging from 
4,786 to 1©0,000 complete vibrations per 
second, and also suggests that the rate of 
approach or recession from the object may 
be determined from the difference in the 
pitch of the echo from the pitch of the 
blast sent out. Sir Hiram Maxim also 
suggested similar apparatus a little later. 

The echo method of detection was 
not, however, practically developed until 
French and English men of science, with 
whom was associated Professor Langevin, 
of the College de France, realizing its im- 
portance for submarine detection, brought 
the apparatus to a high degree of per- 
fection and utility shortly before the 
armistice. Now with beams of high-fre- 
quency sound-waves it is possible to sweep 
the seas for the detection of any sub- 
merged object, such as icebergs, sub- 
marines, surface vessels, and rocks ; they 
may also be used to make soundings. It 
enables a chasing ship to pick up and 
close in on a submarine situated more than 
a mile away. 

The successful development of sound- 
ranging apparatus on land led to the sug- 
gestion by Professor Bragg that a modified 
form could be used to locate under-water 
explosions. It has been found that the 
shock of an explosion can be detected 
hundreds of miles from its source by means 
of a submerged hydrophone, and that the 
time of the arrival of the sound-wave can 
be recorded with great precision. At the 
end of the war the sound-ranging stations 
were being used for the detection of 
positions at sea required for strategical 
purposes. The same stations are now be- 



ing used extensively for the determination 
of such positions at sea as light-vessels, 
buoys which indicate channels, and ob- 
structions such as sunken ships. By this 
means ships steaming in fog can be given 
their positions with accuracy for ranges 
up to 500 miles. 

Among the many other important tech- 
nical systems and devices brought out 
during the war which will find useful 
application under peace conditions as aids 
to navigation I may mention directional 
wireless, by which ships and aircraft can 
be given their positions and directed, and 
on this subject we are to have a paper in 
Section G. 

Leader-gear, first used by the Germans 
to direct their ships through their mine 
fields, and afterwards used by the Allies, 
consists of an insulated cable laid on the 
bottom of the sea, earthed at the farther 
end, through which an alternating current 
is passed. By means of delicate devices 
installed on a ship, she is able to follow the 
cable at any speed with as much precision 
as a railless electric 'bus can follow its 
trolley-wire. Cables up to fifty miles long 
have been used, and this device promises 
to be invaluable to ships navigating narrow 
and tortuous channels and entering or 
leaving harbors in a fog. 

Aircraft. — It may be justly said that the 
development in aircraft design and manu- 
facture is one of the astonishing engineer- 
ing feats of the war. In August, 1914, the 
British Air Services possessed a total of 
272 machines, whereas in October, 1918, 
just prior to the armistice, the Royal Air 
Force possessed more than 22,000 effective 
machines. During the first twelve months 
of the war the average monthly delivery 
of aeroplanes to our Flying Service was 
50, while during the last twelve months of 
the war the average deliveries were 2,700 
per month. So far as aero-engines are 
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concerned, our position in 1914 was by no 
means satisfactory. We depended for a 
large proportion of onr supplies on other 
countries. In the Aerial Derby of 1913, 
of the eleven machines that started, not 
one had a British engine. By the end of 
the war, however, British aero-engines had 
gained the foremost place in design and 
manufacture, and were well up to require- 
ments as regards supply. The total horse- 
power produced in the last twelve months 
of the war approximated to eight millions 
of brake horse-power, a figure quite com- 
parable with the total horse-power of the 
marine-engine output of the country. 1 

Much might be written on the progress 
in aircraft, but the subject will be treated 
at length in the sectional papers. In view 
of the recent transi-Atlantie flight, how- 
ever, I feel that it may be opportune to 
make the following observations on the 
comparative utility of aeroplanes and air- 
ships for commercial purposes. In the 
case of the aeroplane, the weight per horse- 
power increases with the size, other things 
being equal. This increase, however, is 
met to some extent by a multiplicity of 
engines, though in the fuselage the in- 
crease remains. 

On the other hand, with the airship the 
advantage increases with the size, as in 
all ships. The tractive effort per ton of 
displacement diminishes in inverse pro- 
portion to the dimensions, other things, 
including the speed, being the same. Thus 
an airship of 750 feet length and 60 tons 
displacement may require a tractive force 
of 5 per cent., or 3 tons, at 60 miles per 
hour ; and one of 1,500 feet in length and 
8 X 60 = 480 tons displacement would re- 
quire only 2£ per cent. X 480 = 12 tons at 
the same speed, and would carry fuel for 
double the distance. 

2 See Lord "Weir's paper read at the Victory 
meeting of the Northeast Coast Institution of Engi- 
neers and Shipbuilders, July, 1919. 



"With the same proportion of weight of 
hull to displacement, the larger airship 
would stand double the wind-pressure, and 
would weather storms of greater violence 
and hailstones of greater size. It would 
be more durable, the proportional upkeep 
would be less, and the proportional loss of 
gas considerably less. In other words, it 
would lose a less proportion of its buoy- 
ancy per day. It is a development in 
which success depends upon the project 
being well thought out and the job being 
thoroughly well done. The equipment of 
the airsheds with numerous electric haul- 
age winches, and all other appliances to 
make egress and ingress to the sheds safe 
from danger and accident, must be ample 
and efficient. 

The airship appears to have a great 
future for special commerce where time is 
a dominant factor and the demand is 
sufficient to justify a large airship. It 
has also a great field in the opening up of 
new countries where other means of com- 
munication are difficult. The only limita- 
tion to size will be the cost of the airship 
and its sheds, just as in steam vessels it 
is the cost of the vessels and the cost of 
deepening the harbors that limit the size 
of Atlantic liners. 

Such developments generally take place 
slowly, otherwise failures occur — as in the 
case of the Great Eastern — and it may be 
many years before the airship is increased 
from the present maximum' of 750 feet to 
1,500 feet with success, but it will as- 
suredly come. If, however, the develop- 
ment is subsidized or assisted by the gov- 
ernment, incidental failures may be faced 
with equanimity and very rapid develop- 
ment accomplished. 3 In peace-time the 
seaplane, aeroplane and airship will most 
certainly have their uses. But, except for 
special services of high utility, it is ques- 

s The literature on this subject includes an artiele 
which appeared in Engineering on January 3, 1919. 
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tionable whether they will play more than 
a minor part as comparedl with the steam- 
ship, railway and motor transport. 

Electricity. — The* supply and use of 
electricity has developed rapidly in recent 
years. For lighting it is the rival of gas, 
though each has its advantages. As a 
means of transmitting power over long 
distances it has no rival, and its efficiency 
is so high that, when generated on a large 
scale and distributed over large areas, it 
is a cheap and trustworthy source of power 
for working factories, tramways, suburban 
railways and innumerable other purposes, 
including metallurgical and chemical proc- 
esses. It is rapidly superseding locally 
generated steam-power, and is a rival to 
.the small- and moderate-sized gas and oil 
engines. It has made practicable the use 
of water-power through the generation of 
electricity in bulk at the natural falls, 
from which the power is transmitted to the 
consumers, sometimes at great distances. 

Fifteen years ago electricity was gen- 
erated chiefly by large reciprocating steam- 
engines, direct-coupled to dynamos or 
alternators, but of late years steam tur- 
bines have, .in most instances replaced 
them, and are now exclusively used in 
large generating stations because of their 
smaller cost and greater economy in fuel. 
The size of the turbines may vary from a 
few thousand horse-power up to about 50,- 
000 h.p. At the end of last year the 
central electric stations in the United 
Kingdom contained plant aggregating 
2,750,000 kilowatts, 79 per cent, of which 
was driven by steam turbines. 

Much 'discussion has taken place as to 
the most economical size of generating 
stations, their number, the size of the gen- 
erating units, and the size of the area to be 
supplied. On the one hand, a compara- 
tively small number of very large or super- 
stations, instead of a large number of 



moderate-sized stations dotted over the 
area, results in a small decrease in the cost 
of production of the electricity, because in 
the super-stations larger and slightly more 
economical engines are employed, while the 
larger stations permit of higher organiza- 
tion and more elaborate labor-saving ap- 
pliances. Further, if in the future the 
recovery of the by-products of coal should 
become a practical realization as part of 
the process in the manufacture of the 
electric current, the larger super-stations 
present greater facilities than the smaller 
stations. On the other, super-stations in- 
volve the transmission of the electricity 
over greater distances, and consequently 
greater capital expenditure and cost of 
maintenance of mains and transmission 
apparatus, and greater electrical trans- 
mission losses, while the larger generating 
unit takes longer to overhaul or repair, 
and consequently a larger percentage of 
spare plant is necessary. 

The .greatest element in reducing the 
cost of electricity is the provision of a 
good load factor; in other words, the 
utilization of the generating plant and 
mains to the greatest extent during the 
twenty-four hours of each day throughout, 
the year. This is a far more important 
consideration than the size of the station, 
and it is secured to the best advantage in 
most cases by a widespread network of 
mains, supplying a diversity of consumers 
and users, each requiring current at differ- 
ent times of the day. The total load of 
each station being thus an average of the 
individual loads of a number of consumers 
is, in general, far less fluctuating than in 
the case of small generating and distrib- 
uting systems, which supply principally 
one class of consumer— a state of affairs 
that exists in London, for instance, at the 
present time. It is true that there may 
be exceptional cases, such as at Kilmar- 
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nock, where a good load factor may be 
found in a small area, but in this case the 
consumers are chiefly mills, which require 
current for many hours daily. 

There is no golden rule to secure cheap 
electricity. The most favorable size, local- 
ity and number of generating stations in 
each area can only be arrived at by a 
close study of the local conditions, but 
there is no doubt that, generally speaking, 
to secure cheap electricity a widespread 
network of mains is in most cases a very 
important, if not an essential, factor. 

The electrification of tramways and sub- 
urban railways has been an undoubted 
success where the volume of traffic has 
justified a frequent service, and it has been 
remarkable that where suburban lines have 
been worked by frequent and fast elec- 
trical trains there has resulted a great 
growth of passenger traffic. The electrifi- 
cation of main-line railways would no 
doubt result in a saving of coal; at the 
same time, the economical success would 
largely depend on the broader question as 
to whether the volume of the traffic would 
suffice to pay the working expenses and 
provide a satisfactory return on the 
capital. 

Municipal and company generating sta- 
tions have been nearly doubled in capacity 
during the war to meet the demand from 
munition works, steel works, chemical 
works, and for many other purposes. The 
provision of this increased supply was an 
enormous help in the production of ade- 
quate munitions. At the commencement 
of the war there were few steel electric 
furnaces in the country ; at the end of last 
year 117 were at work, producing 20,000 
tons of steel per month, consisting chiefly 
of high-grade ferro alloys used in muni- 
tions. 

Charles A. Pabsons 

(To be concluded) 



PHYSIOLOGICAL ISOLATION BY LOW 

TEMPERATURE IN BRYOPHYLLUM 

AND OTHER PLANTS 

In axiate plants a physiologically active 
growing tip inhibits more or less completely 
the development of other growing tips or axes 
of the same plant within a certain distance 
which varies to some extent with the intensity 
of physiological or metabolic activity in the 
inhibiting tip. This physiological correlation 
is not specific for the growing tips of stems 
and roots, but other parts of the plant, e. g., 
leaves, may exert the same inhibiting effect 
to a greater or less degree. Eemoval of the 
growing tip or other inhibiting part, or a 
sufficient decrease in its metabolic activity 
abolishes its inhibiting action upon other 
parts: These facts have long been known, 
much experimental work has been done upon 
this problem of physiological correlation and 
various hypotheses have been advanced. As 
regards the manner in which such an effect 
of one part upon another at a greater or less 
distance may conceivably be produced, there 
are apparently three possibilities: first, the 
growing tip may inhibit indirectly by obtain- 
ing through its greater physiological activity 
the greater proportion of nutritive materials 
necessary for growth and development; second, 
the growing tip or other inhibiting part may 
produce substances which are transported by 
the fluids of the plant and which exert a 
specific inhibiting effect upon other parts; 
and third, the metabolic activity of the grow- 
ing tip may produce dynamic changes which 
are conducted through the protoplasm of the 
plant and influence the physiological condition 
of the parts which they reach. 

As regards the first of these possibilities it 
is difficult to conceive how in the bean seed- 
ling, to take a concrete case, the growing tip 
can so completely deprive the buds in the axils 
of the cotyledons of nutrition that they are 
unable to grow at all, although they are very 
much nearer the source of both inorganic and 
organic nutrition than the tip. The attempt 
to interpret this inhibition solely in nutritive 
terms has proven unsatisfactory. 

The second possibility, the production of 



